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Abstract

With the rapid development of Large Language Model (LLM), Agent and service computing
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technologies, how to efficiently and reliably compose multiple agent services has become a research
hotspot. Petri nets are widely used for service composition modeling and verification due to their
strict mathematical expression and strong behavioral analysis capabilities. However, traditional
Petri net synthesis methods rely on manually defined semantic matching rules, lacking automation
and intelligent support. This paper proposes an agent service composition method that combines
large language models with Petri nets. First,a UML modeling method for agent service orchestration
is proposed to uniformly describe service processes. Second, an XML-based mechanism for trans-
forming UML models into Petri nets is designed, using XMI and XSLT to achieve automated mapping.
Furthermore, large language models are introduced to semantically annotate and intelligently fuse
Petri nets, enabling semantic-based shared synthesis of Petri nets. Finally, the synthesized Petri net
is validated for behavioral correctness through model checking using the PIPE tool. Experimental
results show that this method can effectively enhance the automation and reliability of agent ser-
vice composition.
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BReAE N RA B BN IMETES RBPER Rk, MRS WM. LSS A5
SN REAGEARBLHZANTIREHERE GRS, WEERISEFTFR. A, HEeikik
FWI e A SR BE RS H G IR R, JCHR AT N — 2k i XILES B 3h LRk
J7 Tl

HR IRk, BT SR AT R TR DA s R 5 H A AT e . Petri WAL IR R AP
A IRIL AT AR ZIERE ), BONEBERA RSN EE TR, #ll, Zhou 5 NF&H LT3
=4 i(Shared Composition) 1] Petri IR 775, 38 1R Il 19 [ (1 3% 52 g iy S 300 22 %89 R A4 AT A9 110 )
B BROH 7T SR ERGER S HT[1]. FERMAEE NSRS L N RS, 20775
BT EMEZ N RIEE W Petri T, SEIL T BHUR S S SHEAERD .

0 IR 5518 SORRS 55 AN 12 1), Li A Wang K BORIZ 48 5] N Petri I, FJEE TR Petri PIRIAL,
FFRGHY & T ILEE RS FEDEREa R AR OCERAE R 5L 74 B 5 57 2 TRl AR EOR &
AR A AN EF B IR R AR IR S A SR i 7 BB SCHE (2], Ak, AL Mahadeer %5 A$Z R Petri ¥
(Partial Petri Net)#i:&x, @il & XHRBE S AR, NAHE M ARG KE. N5 5 et
THEHEROR, 0 T Petri WIZES “H20 AL~ R B REAA R 55 205 Hh 1 B 37 5231

FESAHA M TTIH, Chen FENW T T —FhIE T HUSIRBN I B BEAR IR S5 H S HESE, [ RSt REAE IR IR
WEA E FRFE S EAHRS, RERT THEIENE NS B 5 KF[4]. Jorg Desel 5 Wolfgang
Reisig W GEEEA Petri W (1) B 1) B TFAIT 7T, $ @ “ X807 MES L4 RGEMIE Petri PV TV,
EH] T AAE Z DRI Petri W 525 € ¥ RGN, NIRS H & B @ 1R 4L T BB FEA[ 5]
Ronny Tredup X} b-f5 5t Petri W& B AR MERET 17 210087, ARG &N KRS HE 715k £ 1
TEEMESHE6].
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SR, R FIRINVEE MR ISR, Zhang 25 A48, BIA Petri W& s AR AT ™ BRI
TUE SCHEE I UTECEIN, 8= 56 AR 55 Th RE 15 SO TR P BRAR, e LA S I )36 (1 1 S AL 30 E 5 A 5[ 7] -

gELRTA, HuTE BRI S5 A B OB Petri 7R SRR IS 7 TS — & R, (BAELE SCIRBh 1)
HEh Gl B ARG AT R — B AR DA K 5 AR TE & T SR 0 Jo 8t 855 7 T AN A7 76 W R 3. I 4E
e, RIEF AR (LLM) I H 58K 1015 SR 5 2 48 AR B8 T, NSRBI SRR FR AL T T e . ASCETE
flE LLM 5 Petri PG B, 4@ H— i i) 2 Re 44 IR 25 IR SUREN . BBl SR IE & T .

EExt BRI, ASCEEH R T RIE S HRALS Petri NINA RIS A& 771k AAREEE:

(1) 3R HTH A REMR IR 5 R HER UML @800, gk IRS T A 52 H;

(2) #itHT XML ) UML #RL [ Petri PIAEHNLE], SCELE ShALBRET

(3) FINKIBEF AN Petri MIBEITE bRt 58 RERLA ;

(4) 3T PIPE T E X455 (1) Petri WA T AR AG I 5 36F

2. HEXAENA
2.1. Petri [

Petri 42X B HOFAT RGN ECAFOR(8], & A THIBR VK. H KRG, Petri FEEA
PR IR BT, WA B ERRETTA, A FE RGN T BEM ARG EAR, XN
TFEEHURE A B S (R e 2 At o
—ANZH Petri IN[9] (1011 DU TCAHM AL, JEH KRN PN =(P, T, F, M),

P 2 PET(Place) ) BRAE A+

T &5 iE(Transition) N HRES, HPAT=0;

FRAFIMES, WL F c(PxT)u(TxP), FATRHRPER ST WFEREL R,
Mo ZRNEERR IR (Marking), RoR RGVIAIRA T 252 BT 4 J(Token) H 73 Ai 15 0L«

2.2. Petri P& AR

Petri & B TEH Z AT Petri M N, =(P,T,F,,M,,) (Frhie{l,2,k}), BAEHILZART L
ESURBLINASE), ME—ADEA Petri MR, WIKEAEET cULT, SIFEEIN Petri WA
Ng =(P;,T; Fy My ) » FAGE R0 R
. 15 =Uik:,7; s HEATAOREE 1)

e P =ULPHWREPLNP =0 (@=));
o My (p)=Mi(p);
o RRRAR Fo HFTH T MW IREARIT H5E ) J5 & H A3 3], RIEELET W Ni FAEALE ¢ 5 p Z IBIA 19,

DUFE - B e R B AZINCE ¢ L ARE, PR & JF 5 AT .

. BT KIESHEAEE Petri MW EEFRFEETTE

AT R REAA R S5 H A T7 BRI A 1 PoRIIEOR R, WE ML OB B B, R
NJZAER UML {5 3l IR e B RE AR 25 AR b AT e, JF 3 HONARiE XMI SCfFs Hoik, fE#
JRHET XSLT #8775 UML B8 A 3400 Petr W 36, B K15 5 B8 & i, R R KB
BRI Petri PUHEATIE XARE S B RER G, KBS ARG ®&, L EA M PIPE TR & R
Petri WHEATTEAALIOTE, IR BRI A& M IEMME SR, RN, i, & BB IER
TR .
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Figure 1. Technology roadmap
B 1. KRR E

3.1. EEERERRSAHIR UML B85 7%

3.1.1. FRIER UML FERIENRES %

FhA K UML W& B2 —F A TE S BRI OB N, BOfE T RUETRRAZAST . M
U AEIPRIS S

AR, WSS E AR R ST, X T A R IO IR R T B A 5%
WRIRY, RIS W G PR (0 ST AR LURIK B R4y« Bl S, PRARTDRE P 0555 UML o R, BRAREEO
5SS RATPRD RTFABIE . R BRI MR, WU T4 W 4 S s I+
ATERAE I 4 SUAT BU55 o SERC R IR, T IR S AR HE 51 45 55 38 v 43 52 0T 1 R 2% 14
WA AT AT AR, BB T R B .

3.1.2. B3 UML & piESBREES FEKIESERATE)

H 34 A UML 6 8l B AR FE S . T sl b s I A s e iy =X, s S A\ g5 i Ak A5 Rk T
HE SR BUR B 2 T

PAKIE 55 BRI O 0 [ B A GE s BTk, R [ ARE S E R S B AR ), KRR AR
BN IETE UML 38 30 B 10 5 2808 2 o A8 PR B, 3575 B N 35 T ) 3 R 48 38 SCAS, 45 0 74 L 1 promipt
Y, WWW#S 5% AN TSGR, B AR H SR SCARTE X, IR SR
UML 530 B R0 gt 3 . KB 5 80 AR 485 SR A A 30, —FloR T B 37E 41 PlantUML 4R
i, B N T B ae T A E T s ) — MR LR T ERTE R, A Draw.io 51 & BRI AJ PR
M.

3.2. BEEMFBRSEAY UML #EEF Petri PIREVEE 7T %

3.2.1. FEHBHEREIT

AT T HET XML SRR =25 42, S2al 1 AN R A4 i 55 (1035 2 R 21 Petri R BRIEAL
H M i i «

() WMINEMTTE UML @8 T EX#, @id XMI (XML Metadata Interchange)d i SZEAR T 204 )
Gi—KE, XFFEW UML THSFHE XMI 2.x AR . Joif#H Enterprise Architect. StarUML &
ArgoUML, HESCHbRME XML 3, BT AARRER RN, #0R 1 R T RS .
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(2) Fe#)m ML L OB, SRA XSLT SR SCHUE AL TE LR RS fA L . 22688 =1 Kl
P BERYERURT I HS E B IR BN XMI SCEEG R TGS B s XSLT #2038 B & 45 s sl B i) & %
He RN o

(3) Hith EE ST ISO/IEC 15909 #rAEfT PNML A4 . PNML &3 XML [ Petri Wik iE =,
BAFENTREASF . £N5E) PNML XA E#: SN PIPE. CPN Tools. Ptolemy %5 3t Petri 43
M T AT 1 B 5 BRI EGAE

ZAELE A% DR BAE T AR RS s 52 2 BB ArdE XML % :0f4:, 5 F B #ait g4
P, TR CRAE T 3 i R 1 Bk mT e .
3.2.2. MG ERT

UML 35 3 B A% 0018 SORIE S IR IRl AL 38 o ARE VR “Pshlimokal” imhd Sms, Jmid sk
1 ATz IR IIPKS UML 5 3) B 0 2= T N Petri PG E .

Table 1. Mapping rules from UML activity diagram elements to Petri net elements

% 1. UML SEEIB ST RS Petri W7 AUBRET AN

UML 3BT E Petri TE RS-t B
WU 5 JEE FT (5 4 W) FoRMAETF RIS
BT R BiE TR AT N 1E
P R EEfT + ZHNARIE i PR AR A
HIET R LT + AT TERZ AR
53 XU PERT + ARy FEAEIER X
AT A LA + AT [l 2 AN I K 5 3
2 b JE PR (A4 ) FKoRMFELE R
PR El\ EEREPE T 5 AT

3.3. ETFKESHERH Petri MERISHESK

EX 1: 3ESCRBERE & D) SR x KB HARTE S 1A SRS, Siov (Semantic Large Language
Model) A— M REMETHE P AN SCASE SOUMHBLURE KT8 S AR

Sim(x,y) = Sy, (D(x), D(y)) €[0.1]5

R T ERATCER x, y (R BT BT ) 2 T8] 138 AR
T 2: THE XAFICH Petri P (Semantic-Labeled Petri Net, SLPN)% G844 Ak 55 %o N AR AL 4 52 SN
—ANHEE BRI Petri W N = (P,T,F,M,,0,Doc) : HH,
® (P, T,F, Mo)H Petri ;
® EXNFMCEE O: T—Doc R WG BIFH OGN A SRE S Rl SCRY(EE SR SCR): i,
I RERIA “bFHITH
®  Doc NEENTW N XM AR H ARG S fiR SCRI(H T 22 W5 SCERA#) o
3.3.1. BYXBESARIEHIE
T SEELPRAN R Be AR IR 55 (7 Na F1 Nb)Y B E] AR, 55 ZR 00 BT T2 1A 3% 422 s (R AR X)) «
PREh AR IT (1] Rl 1 254
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ol %

EX 3: AR AT RS P (Fusability of Place Pairs)25 & WAL ta e Ta Ml th € Th , EA TR AT
B4 B (Fusable), 4 HA 42 :
Fusable(t,,1,) < Sim(t,.1,)> 6,

Hort, Sim (ta, th) > Op Jy 18 L RERKAF . Op f2 TilsE XAARIT1E AR E BIME, RPN R 115 e
I . W, ta #ER “HPSAHER” , b i “E AR

FE30 AL T b 5 25 I Fusable (ta, th) = TRUE fIRTHE T, AIXT ta A1 b $RAT R 1R 15 A2 SORT O &1
W Nfused, BARELEETT mifh G 58586 FF: 7 SRE K ta B b G 3 N— DAL tfused, FoiF XL O (tfused)
B WA FuseSemantics (ta, th)FFA LLM XF O (ta)f O (b)FATRIVE A BB E K “ & A HE B
M)y SRS IR Na B Nb THER ta tb AN TS ARG R, IR RIR ) ta B b 1R 9N42 350 H €
6] 2 tfused, T UL FARAE E 2 P 2 AT RS VRS AR I B It 34 SE i, B A5 B 8 e RS IS
15 X Petri M.

3.3.2. ISHEAREL
BT 1E SORER S P RlS FE 5% A, AU R RIS B S B AR, 5% 1 s,
ZILE A L DR A0S PR ICH Petri AN, 38 i i SORH LIRS BRI 07 128 ] Rl (9 A8 3 % 164 T
ERREE, RAHE— N —EE M, EkE el SRR BT ERT AT IR WIE
FRiREES RIERG M, IR findSimilarPairs BRECE [J3 PTG 25 AT, 36T sim BRECHE HAE XA
IR RIARABLRE G Hh 056 2 BB 2 A B BE X AR s B S i N B8R, RIRIBIS getPair BB — Mk
XF, BT isFusible BREUR B PIANARITAE LM ERR B, # @ NPT L& #4F: B createTransition
BB AT AT /L, mergeSemantic FRECA RIS 5 B ADE IR ARG (15 SRR FG 28 BUBTAS 1T 1938 b id,
redirectAres ¥R T 8 n) JE AR R N HH ICERL 5 ) R80T, 2S5 DX o B3 s A S e AR
N, G updateCandidates AN EESE T FEFR & CREGAST A X, JHETHRTS
ol R AR Y SCHRACLEE 3 2 R PRI 0 b e kA a6 4R LS i Uit &5 SR B iR B 2 ki gk
7, G R [a] R R D B Oy e 4 45 R
HiE 1 BRARSIBILEESREE
BIN: 15X Petri P Nj = (Pa, Ta, Fa, M0a, Oa, Doca)
Ns = (Ps, Ts, Fs, MOs, OB, Docg)
AEALRE B 1H 6
W BEMN
N=NasUNs // #lEGEt, AFFHAME A TR,
/1 BT TR SORARA ) A8 %
C = findSimilarPairs(Ta, Ts, )
While C# @:  // {EH S Fra vl &l-& i AR oo
(ta, tb) = getPair(C)
If isFusible(ta, tb):
tf = createTransition() // B H AT
/B E IE
O[tf] = mergeSemantic(O[ta], O[tb])
redirectArcs(ta, tb, tf) / F5E A T H IR 2 H AR iE
removeTransitions(ta, tb)/ 5 1HAR T
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N.T.add(tf)
C = updateCandidates(C, tf, ta, tb) // 5 F ik tE
Return N
B, 7EaE 2 s Petri B N1, N2, A83E T3 55 T6 FA1ELE OCHK HARBLE Sim(T3,T,)> 6, , F
HAEAFRIEN, AR Petri X N'.

P4

I O Pl Tl
Petrlﬂ @“’ Petrlﬂ I_O
: T4
I ,< ) _,I_.O T3 I”O
W ‘ g D

LS Bt e o

P9

Sim (T, Ty)=6,)| P7 TS5 P8

Figure 2. Petri net shared synthesis

[& 2. Petri MEZ &R

3.4. ET PIPE & 8E(E AR ST 4

() A 2t

A S ettt 2 PIPE T A TRAE Petri AR SHR AT 2RI DIBE, 70 A SR Hr il 22 4
PEG BT AN T30 H A S 23 Arod s Asr B84 2 BT 1Y) Token B R BAFAE LR, B IEEFTHHIE N “T
F7, WIS R UML 5 3 B AF AR T BRI PR A2 AR R, BLdn “ SRR 2RI s AR B E ik T
ERR, SERERE A ZIAT, Token FREHMERR; 224tk 704 W IE L U6 UL A 2 T i) Token $UE 21
IR 1, AL %4, EIRE UML mﬁﬂﬂﬁﬁﬁﬁ‘/ﬁﬂﬁm@, ELAn 2 AN AT AR R 1] ] —
AMREF RUBGEME S, T UML 35 3h B 4472 48 DU P %

(2) FEBiR

SEBR & PIPE TR ARRE Petri WA ARARAS E MERICHEDIRE, 1 THRMBR T “Token 5. 1o
AEATASIE T 7 I RHZEIRAS, X R UML & ) B iR RAERI B R, a0 2 s o ShAT Rl i Ji i 49 4t
P AT IR, U326 56 A2 SEBAE A PR, IR0 HZARES T W EE PR ie i 00 « X S8 AU BUIRASAEAE X UML
TN EIRE BRI, FEIFAT 70 XOR RIS 70 SCBD R B S5 i, S BUL &AL R A ERT Token
ARTOVEMA , B 5 SCHIWT I 264 7 e A e B, B SRR AR/ “ AL RS . I ZEBiR I 25
FPARE [ 3 2 UML % 3l 1B RO RO T AT B 1E .
Table 2. Comparison table of PIPE test results and UML activity diagram corrections
% 2. PIPE #MIZ5 R 5 UML SERHEME Ex KT B %R

PIPE 23 YT 5L R R UML {520 PB4 kI
A FE b BEPEFTAIE N “TEI” UML 353 BAFE B4k 5 AR

- AT R RIS [ [ —RES T AR S SRR AR
RO B AR, B S AR Token

T G AR R, FEOLAH RS
SERAS I 3 Token (I MIZEBUIRE 2. A SCHIMTI M A%, FA4E “EILRCHRME” T AR
3. AT SR R SRS, ORI AP B

2z H:PEFT Token #i i 1

— N =
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4. BHI5

SRR R 6 N, KA A R REA” MEITR, “RHFE A AT,
FFEIFEERES “H PR o SERERIRS ARG R4, fdR, JSHE.

4.1. BEeFIRS UML E1&

XL A BEAAREAT UML 82, fnl&l 3 fios.

(D) WFEERENEE 3(): T T L5 U8R, SRR iR R, s MRS m
Hoag, Bos kIR e ST, R A B R AR, AR,

(2) FZRERMESNEI(E 3(b): HHCOP GRAMIT G, BNTERIFIA R S, P58
a1, 58 BUA PR IC ARSI E RS T, F 3T HBOR IR ARE A R R I FED R A = M
it stz Sl ol

(3) H & aemimEanE A 3(c): AP RS GE RS, AR RSN S sUm A Y4, s
i J5 S AL e 5 SO R . STAT RN HBE AT BAEAPIRAS, SENH IR R S5 5 T RS RS SOAT
SRR 3ot 3 FEOFT SR BRIBOH AT 9, ARk

(@) B Bt (b) 5 Rt

Figure 3. Agent activity diagram
& 3. BEEMIERIE

4.2. )\ UML t&& | Petri FMAY B 5hiE#t

B “HRSEAT M EAR L R R =AM ARG R BT UML EsiEDs A, il E
BN A ORI Petri P TR, Fedfid Rk 2L T XMI 5 XSLT IIEARKEZ, K UML i3I E T
BRI E U BSE y Petri ITCER, B DRIE S0P MRAEFHON, A 3 A Petrl T/, 1 4 Fow,
HOPARIRE “PIZERER” « “HTRRER” A “H P REBER” IR ST R ) PNML SCfF 3\ PIPE
THBATHIS 07 BIAE, NG T8, TR A, BAWIIRES B RS AL rIA A . BRIE
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S
S

=Y

iRRY], Fead ReOrfy 7 UML RIS SCEIZAR e, DN SaE (R 5 G it 1 4t bt .

Wait_RetryCheck

. . 1 1
Start 1 Go Online & Accept OrderView Check btm Pickup Deliver End

DealOrder CheckOn ArriveAtMerchant Food Ready Pickup Complete
Accept
(a) B F Petri M
Order Coithifi Ofder Prep Food Wait Rider Handover End_2
1 1 1 1 1 1 1 1 1 I 1 1
Recei . . Complete 2
eceiveOrder ConfirmAccept StartPrep PrepDone Rider Arrived
(b) T Petri ¥
Wait Process Receive Food
1 1
Cart |
Start_3 Browse Menu Al Pay

WaitOrder GetFood

Cancel Order

1

B
StartBrowse AddToCart ProceedPay

Retry Pay
(c) HJ Petri

Figure 4. Agent service Petri net

4. BHARPRSS Petri W

4.3. ETKESEEM Petri ME R

AT LLM (DeepSeek) W % T+ Bz H P =ANB e W AT U SAEUEE TR, R
P SARE, A4 Petri MRl G B 2Rt 35 3 IR T DU ZHES 1 WA S 1R 08 SCARBLRE T 55 45 51
(BE 0> 60%).

Table 3. Petri net synthesis connection table

5% 3. Petri P38 X HE{E

75 BIE 1 EX 1 BiE2 & B 2H B (LLM-DeepSeck)
1 T _al (DealOrder) %A T bl (ReceiveOrder)  HIITHR 0.9
2 T_al (DealOrder) SR %N T _c4 (WaitOrder) AL 0.65
3 T a4 (ArriveAtMerchant) J&FEAFER T bS5 (RiderArrive) B FCEIA 0.98
4 T_b6 (Complete_2) LR FE R T _c5 (GetFood) PR3 0.90

T DeepSeek Kif 5 BRI BARIE Lt T -

® 1 4H, Tal “ LB (WFEREM)S Tol “HBfCTH” (KB R iR) 70 5 NG T 5 78 2K ity
IR R =S, ATERAW TN TRRESER R, FERIHXERBIHA TR, WEE
2SR AT e A4 . B X ARG, DRI Al 5 0.85~0.95, E1LIF43 0.90;

® 2, Tal “ LR (WTFHEEM)S Ted “HPALE” (& RAR) 2 38 T AR B AR 1
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Ru A

=

ANFERAE B, A A% T readiness IRES, JE&E NH P TR RS r B 90 FPIRES, PiE o 4b
mfﬂ%\ T AFAE— 8 REMEM B2 5, R E AL 58 0.60~0.70, R 1UIPF4 0.65;

® E3MH, Tad “HFRIARE” (%i%”ﬁéﬁi)—'ﬁ TbS “BaFCLEIA” (FXE Rk BR8N “BF”
PESN “RR” , WERFRN R, BEE B ARIREE A Z R, BAE SRR R
A —=f, AU G 58 0.95~1.0, EEPF4y 0.98;

® B4, Tbo “ATHARNER” (5 B e M) 7 K e A HE AR, 1T Tes “HeileB &M (-
B EEA) W A1 FE R R B A Vﬁ%ﬁlﬂ~$1¢(s&?§5%qﬁz)ﬁﬁﬁﬁ%}ﬁq, T SORBRR, H
T B BRSO RiIA,  CBRIE” AR — IR, B XOEARTE SRR, RICAR SR A
HH 0.85~0.95, #LIES 0.90.
BT BRI AR AR (R 3), HANMESHPAT BITA I MAKREEN . YIERRG—

SEARFN, FERAE)R Petri A, A RS H Petri MW 5 AR .

Wait_RetryCheck

Cancel Order

StartBrowse
AddTeCart ProceedPay Retry Pay

Figure 5. Petri net synthesized by LLM
&l 5. LLM &R EHY Petri Y

4.4. BREIFRHER

o PIPE: Platform Independent Petri Net Editor v4.3.0
aw _Animate Help

EID "E‘?BS@GGRXf* “\ww -2 (@ ek Ol I RAT|% % perat - BO%=<H e

;‘ Petri net 1 KHUBEMUR-old ABUVHARIEL JHUM &L

Petri net state space analysis results

Bounded {true
Safe true
Deadlock true

Shortest path to deadlock: StartBrowse AddToCart
ProceedPay DealOrder ConfirmAccept CheckOrderlnfor
StartPrep Accept PrepDone CheckOrderlnfor Rider Arrived
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Figure 6. The model checking results by the PIPE tool
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